The aim of this in vitro study was to evaluate the cleaning efficacy of various irrigation methods in the mandibular mesial roots. The forty five mesial root canals were shaped by Profile .06 instruments to apical size #30 and irrigated with 5 ml of 3.5% NaOCl. The teeth were divided into 3 groups and irrigated finally for 1 minute; Group 1: syringe irrigation, Group 2: ultrasonic irrigation, Group 3: RinsEndo irrigation.
Ⅰ. Introduction
The most important objective of root canal therapy is to minimize the number of microorganisms and pathologic debris in root canal systems to prevent or treat apical periodontitis 1) . Root canal preparation was considered as the foundation for successful endodontic therapy 2, 3) . This process is accomplished using a combination of mechanical instrumentation and chemical irrigation. As the root canal anatomy is complex, some portions of the root canal were routinely left untouched following root canal preparation [4] [5] [6] [7] . Given the limitation of instrumentation methods, it is necessary to develop the additional methods to clean the whole complex root canal spaces, like an isthmus or a fin. These anatomical structures can act as bacterial reservoirs and may reduce the success rate of conventional endodontic procedures 8) . To achieve better cleaning of the complex root canals, several irrigation methods were introduced. Traditionally irrigants are delivered by syringe and needle. The mechanical action of conventional syringe irrigation is influenced by variables such as volume of irrigant, penetration depth of the needle, and design and size of the irrigation needle 9) . Previous studies have shown that the efficacy of syringe irrigation to remove dentin debris is not sufficient 4.10-12) . Enhancing the action of irrigant by ultrasonics is well documented 10, [13] [14] [15] [16] . The ultrasonic device is designed to allow the irrigant to pass along the ultrasonic files. Cunningham et al. 14) compared the efficacy of hand irrigation and ultrasonic irrigation to remove debris and found that after ultrasonic irrigation the canal wall was cleaner than hand irrigation. The outstanding cleaning by ultrasonic irrigation was confirmed in mandibular mesial roots, which contained isthmuses frequently [17] [18] [19] [20] .
More recently RinsEndo (Dürr Dental, BittigheimBissingen, Germany), which is a new irrigation system based on hydrodynamic activation, has been introduced. RinsEndo system was designed to overcome the limitations of syringe irrigation and ultrasonic irrigation, so more exchange of irrigating solution was possible. 65 μ l of irrigating solution oscillating at a frequency of 1.6 Hz are automatically drawn from the attached syringe. During the suction phase, the used solution and air are aspirated back and automatically merged with fresh irrigating solution. However, there is still lack of scientific data regarding the cleaning ability of this new irrigation system to remove debris or necrotic tissue in mechanically inaccessible areas during instrumentation.
Therefore, the aim of this in vitro study was to evaluate the cleaning efficacy of RinsEndo system compared to ultrasonic or syringe irrigation method in human mandibular mesial roots.
Ⅱ. Materials and Methods
Extracted human mandibular molars with fully formed apices were stored in 10% formalin at room temperature. Radiographs were taken in both mesiodistal and buccolingual views. Root canal curvatures were measured on both buccolingual and proximal views according to Schneider 21) . Forty five mandibular molars were finally selected using the following criteria: (a) curvature of canal in mesiodistal plane was between 10 and 30 degrees; (b) mesial roots displaying unidirectional curvature in both buccolingual and proximal view radiographs; (c) only mesial root canals having a snug fit with either #10 or #15 K-file after coronal flaring; and (d) mesial root canals without internal calcification and apical root resorption. Access cavities were prepared using No. 4 round burs (SS White Burs, Inc., Lakewood, NJ, USA) while size 2 to 4 Gates-Glidden burs (Mani Inc., Utsunomiya, Japan) were used for coronal flaring. A #10 stainless steel K-file (Mani Inc., Utsunomiya, Japan) was introduced into each canal until it just protruded through the apical foramen. The working lengths were established by subtracting 1 mm from the lengths of the files when they extruded just beyond the apical foramen. Canals were shaped by Profile .06 instruments (Dentsply Maillefer, Ballaigues, Switzerland) with crown-down technique. All mesial root canals were instrumented to apical size #30. 06 taper. Each rotary file was used with Rc-Prep (Premier Dental Products Co., Plymouth Meeting, PA, USA) during instrumentation. Canals were irrigated with approximately 5ml of 3.5% sodium hypochlorite after each instrumentation (total 10ml). Irrigants were delivered using a 30G Maxi-Probe needle (Dentsply MPL Technologies Inc., Franklin Park, Il, USA), which was inserted as far into the prepared root as possible without binding.
After canal preparation, the instrumented teeth were randomly divided into 3 groups. Group 1 consisted of 15 teeth irrigated with 3.5% NaOCl using a 30G Maxi-Probe needle for 1 minute per canal. Group 2 consisted of 15 teeth irrigated with leaving aliquots of NaOCl energized by ultrasound for 1 minute per canal. Suprasson P-Max ultrasonic device (Satelec, Paris, France) was used at the endodontic power setting, and an ultrasonic file mounted on piezoelectric handpiece was activated. A #15 ultrasonic file was used because this file would not touch the root canal walls, and perform passive agitation of irrigating solution. The file was inserted in the canal, and then slowly withdrawn without exerting any pressure apically. Group 3 consisted of 15 teeth irrigated with RinsEndo system (Dürr Dental, Bittigheim-Bissingen, Germany) for 1 minute per canal.
After biomechanical preparation, the mesial roots were separated from the teeth. The specimens were immersed in 10% formalin for 7 days and decalcified in 5% nitric acid for 3 days. The roots were then dehydrated and mounted in paraffin blocks. 4 μ m sections were obtained using a Leica RM 2145 microtome (Leica Microsystems, Nussloch, Germany) at 1, 3, and 5 mm levels from the apex. Slides were stained with hematoxylin and eosin.
The cross section images were acquired on an Olympus IX-70 microscope (Olympus Electric Industry Co., Tokyo, Japan) at 40X magnification using a spot RT-KE digital camera. Spot imaging software (version 4.6, Diagnostic instruments, Sterling Heights, MI, USA) was used to measure the total area of the canals and isthmuses and the area of the debris within these canals and isthmuses. The area of canal space was calculated (μ m 2 ) by tracing the outline of the root canal. By designating dots in the remaining debris, the area with same color level was automatically captured. By repeating this process, the total debris in the canal space was identified and calculated. Canal cleanliness was determined by subtracting the total area of debris from the canal space and the final value was expressed as a percentage. The isthmuses between canals were traced separately from the primary root canals and cleanliness values for the isthmuses were calculated in the same manner as described above. These data were submitted for statistical analysis by MannWhitney U test through SPSS 12.0 (SPSS Inc, Chicago, Il, USA). The significance level was set at p < 0.05.
Ⅲ. Results
Mean cleanliness values of the canal and isthmus at the 1, 3, and 5 mm apical levels are shown in Table 1 and 2. A comparison of the canal and isthmus cleanliness is shown in Figure 1 Examples of canal preparation with three different methods are shown in Figure 3 , 4, and 5. There were no statistical differences in both canal and isthmus cleanliness between syringe irrigation and ultrasonic irrigation except 5 mm level of isthmus (p = 0.019).
RinsEndo irrigation had significantly higher canal values than syringe irrigation at 1 mm and 3 mm levels (p < 0.05). Also, RinsEndo irrigation had significantly higher isthmus cleanliness values than syringe irrigation at all levels evaluated (p < 0.05).
There were no statistical differences in both canal and isthmus cleanliness between ultrasonic irrigation and RinsEndo irrigation except 3 mm level of canal (p = 0.047).
Ⅳ. Discussion
An isthmus is a narrow, ribbon-shaped communication between two root canals which contains pulpal tissues 22) . Isthmus have been found in the mesial roots of maxillary and mandibular molars, the distal root of mandibular molars, the maxillary and mandibular first and second premolars and mandibular incisors. The incidence of an isthmus was higher in the apical 3-5 mm than other area 8, 23) . The prevalence of isthmuses in the mesial root of mandibular molars has been reported from 44 to 80% in previous studies 8, 24) . In our study, the prevalence of isthmuses was found according the following: 61.9% (1 mm level), 79.5% (3 mm level), 84.4% (5 mm level). Higher prevalence of isthmuses was found at the 3 mm and 5 mm levels compared to the 1 mm level. This result was similar to those of previous studies 8, 23) . In some areas, partial isthmuses were observed. A partial isthmus was classified as a narrow projection of one root canal opening toward the second in the same root section but not merging 8) . Furthermore cross The presence of debris in isthmuses has important clinical implications. Isthmuses may be poorly accessible with root canal instruments, act as bacterial reservoirs and may reduce success rate of endodontic treatment 25, 26) . Therefore, the cleaning of isthmuses is clinically important.
The effectiveness for irrigation depends on the ability of irrigating solution to contact the entire root canal system. The flushing action created by syringe irrigation is relatively weak. Ram 27) reported that during syringe irrigation, the irrigating solution passes only 1 mm deeper than the tip of the needle.
The flushing action of irrigants may be enhanced by ultrasonics. Greater contact area to the canal wall is possible with the activated streaming of the irrigant. Passive ultrasonic irrigation was first described by Weller et al. 28) . The term 'passive'related to the 'noncutting'action of the ultrasonically activated file. Acoustic streaming created by vibrating instrument is more important mechanism than cavitation in canal debridement 29) . As the root canal has already been shaped, the file can move freely with minimum cutting effect and the irrigant can penetrate more deeply into the apical portion of the root canal. From the studies where passive ultrasonic irrigation and syringe irrigation were compared, it was reported that passive ultrasonic irrigation is effective for removal of dentin debris microorganisms (planktonic or in biofilm) and organic tissue from the root canal 29, 30) . In this study, ultrasonic irrigation had significantly higher isthmus cleanliness value than syringe irrigation only at 5 mm apical level. This finding was different from those reported by previous studies [17] [18] [19] [20] , which show that ultrasonically activated files were effective at all levels. A factor which might have account for low effectiveness of ultrasonic irrigation at levels relatively close to apex was the inability to insert the ultrasonic needle deeply into the apex. Because canal irregularities or curvatures may prevent further apical penetration of ultrasonic needle. Furthermore, a number of experimental variables (application time of ultrasonics, concentration and volume of irrigating solution, etc) may have accounted for the differences. If longer time of ultrasonic irrigation was applied or irrigating solution was continuously delivered, the results would show improved cleanliness values 20) . This study showed that RinsEndo irrigation had significantly higher canal cleanliness values than syringe irrigation at 1 mm and 3 mm apical levels. Furthermore, it had significantly higher isthmus cleanliness values than syringe irrigation at all levels. Clinically, it may be important that RinsEndo irrigation is effective at isthmuses related to endodontic failure. RinsEndo system may allow greater volume, exchange of irrigant than syringe irrigation. The volume of irrigant delivered with RinsEndo system was preset 6.2 ml during 1 minute. Mean 4.18 ml of irrigant was applied during 1 minute of syringe irrigation with 30G Maxi-Probe needle and it was less than the volume delivered with RinsEndo over the same amount of time. In addition, constant replacement of fresh irrigant was possible during RinsEndo irrigation. According to Moorer and Wesselink 31) , chlorine, which is responsible for the dissolution of organic tissue, is consumed rapidly, probably within 2 minute. Therefore regular replenishment of irrigant is essential and this may explain the improved cleanliness values following irrigation with RinsEndo system in the present study.
Although cleanliness was increased significantly, complete removal of debris was not always obtained. Some debris was observed in the narrow isthmuses. However, RinsEndo irrigation had significantly cleaner isthmuses than syringe irrigation.
Although it seems that RinsEndo system is more effective than conventional syringe irrigation, extrusion of irrigant out of the apex is a concern in using RinsEndo system. Extrusion of NaOCl often results in severe periapical tissue damage 32, 33) . According the manufacturer, it was shown that the pressure created by RinsEndo is lower than the pressure created by syringe irrigation. However, Bauser et al. 34) reported that the high risk of apical extrusion of irrigating solution with RinsEndo irrigation device. Therefore, clinicians should be careful to avoid NaOCl accident, especially in immature permanent teeth with wide apex.
From this study, there were no statistical differences in both canal and isthmus cleanliness between ultrasonic irrigation and RinsEndo irrigation except 3 mm apical level of canal. As previous mentioned, the effectiveness of irrigation is related to the contact surface between the irrigant and the canal wall. RinsEndo irrigation and ultrasonic irrigation have different mechanisms, but these two methods allow greater contact to the canal wall than syringe irrigation, thus showing higher cleanliness values. There was a statistical difference between two groups at 3 mm apical level of canal (p = 0.047). The mean percentage of canal cleanliness following ultrasonic irrigation and RinsEndo irrigation were 98.4% and 100%, respectively. Further investigation with more samples will be necessary in order to find out the statistical difference.
Ⅴ. Conclusion
This in vitro study evaluated the cleaning efficacy of various irrigation methods in the mesial root canals of extracted mandibular molars, focusing on the isthmuses.
From the results of this study, it can be concluded that the additional RinsEndo irrigation after canal preparation leads to better debris removal than syringe irrigation in mesial root canals in mandibular molars. Clinically, RinsEndo irrigation can be useful as an additional irrigation procedure.
